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Abstract 
The properly defined reflection, transmission and scattering coefficients were numerically evaluated as functions of the reflector's 
thickness, from infinitively small to comparable with wavelength. It was shown that these dependencies for projections are quasi-
periodic and related to excitation of Eigen resonance modes in array of reflectors. In contrast to projections scattering from deep 
grooves does not have periodic behavior and with the depth’s growth SAW scattering into volume increases while reflection 
coefficient doesn’t reach more than 40%. The calculation of the 2D pattern of the scattered fields makes it possible to estimate 
the reflecting structures efficiency and clearly shows the range of the parameters for which an intensive SAW-energy radiation 
into the bulk occurs. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Acoustoelectronic devices, based on the use of surface acoustic waves (SAWs), are widely used in mobile 
communication, RF identification, navigation and in medical instruments as sensors and filters [1]. 
The design of SAW devices needs the accurate study of the scattering fields, arising from the interaction of SAW 
with periodic irregularities placed on a surface of crystal to form interdigital transducers (IDTs) or reflective 
structures (RSs). To solve this problem the finite element methods (FEM) are very perspective, because they allow 
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to take into account the actual geometry of the electrodes and bulk scattering as it was considered e.g. in the works 
of Darinskii et al. [2] or Graczykowski [3]. 
The present study is devoted to the FEM-based nonstationary analysis of the 2D pattern of the SAW scattering in 
the reflective delay line, which is a substrate made of Y+128°-cut lithium niobate (LiNbO3) with IDTs and reflecting 
structures located on its surface. In this study, the SAW reflection, transmission, and scattering coefficients are 
numerically investigated as functions of the geometric dimensions of the reflectors in the form of metal electrodes of 
rectangular cross section whose height is comparable to SAW wavelength Ȝ. 
2. Model description 
Point A was used as a detector of the excited and reflected signals, whereas point B - as a detector of the 
transmitted signal (Fig.1 c). Typical dependences of an electric potential in these points are shown in Fig. 1b,c. In 
the cross sections at points A and B, the time dependences of the SAW power flux were calculated for incident pulse 
PSAW, reflected pulse Pr, transmitted pulse Pt and for power flux of scattered bulk wave Pb. The energy balance 
PSAW=Pr+Pt+Pb was carried out with a high degree of accuracy. With these data, coefficients of reflection (Cr), 
transmission (Ct), and scattering (Cb) were determined by the formulas: 
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In previous work, Suchkov et al. [4] verified proposed method via calculation of the reflection coefficient of a 
single infinitely thin rectangular aluminum reflector as a function of the reflector width. The comparison of the 
results shows that the results obtained with the proposed method are in good agreement with the known data 
obtained analytically. 
 
Fig. 1. (a) Geometry of the model under consideration for the case of RS in the form of rectangular projections: (1) – crystal substrate, (2-4) –
critical attenuation regions (for suppression of reflections), (5) – electrodes of IDT, and (6) – elements of the RS; Time dependence of the 
normalized electric potential at points (b) A and (c) B: dashed lines correspond to the points of time t1=6 ns and t2=13 ns. 
3. Results and discussion 
In this paper we present the results of numerical investigation of SAW radio-pulses reflection from various 
surface inhomogeneities (series of metal reflectors, the projections on the surface of the piezocrystal and grooves in 
it) to determine their geometric parameters, that can minimize the loss of SAW energy associated with the excitation 
and radiation of bulk waves in the substrate. 
For the aluminum and gold reflectors, a series of calculations of coefficients of reflection Cr, transmission Ct, and 
scattering Cb as functions of normalized height hr/Ȝ has been performed (Fig. 2a, b). The local maximums of the 
transmission and scattering coefficients have a resonance nature and can be explained by excitation of various 
acoustic modes in the system of grounded electrodes, which form a Bragg grating. 
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Fig. 2. Coefficients of reflection Cr (solid line), transmission Ct (long dashed line) and scattering Cb (short dashed line) for a system of 
(a) aluminum and (b) gold reflectors as functions of the normalized height hr/Ȝ; Frequencies of surface acoustic modes excited in the grating of 
(c) aluminum and (d) gold electrodes as functions of the electrode height. Dashed line corresponds to a frequency of 6.032 GHz, for which the 
reflection, transmission, and scattering coefficients are calculated; grey tone marks the region where only bulk modes are excited. 
Thus, on the dispersion curve (Fig. 2c, d), these modes correspond to the points of intersection of the curves and 
the dotted line marking the central frequency of the initial pulse f0 = 6.032 GHz. 
So in order to increase the Q factor and reduce the device dimensions through a decrease in the number of RS 
elements, the aluminum reflectors with the parameters corresponding to the maximum reflection (hr/Ȝ = 0.2, 0.65, 
and 0.79) can be used in SAW-based resonators and resonator filters. But it’s significant that, in contrast to the 
aluminum reflectors, for gold the intensive scattering of energy into the bulk is observed even at low heights 
(hr/Ȝ = 0.01–0.05) and the maximums of the reflection coefficient are considerably smaller than (are less than half 
of) the reflection coefficient maximums for aluminum. 
Calculation of the impulse signal reflection was also conducted for the RS in the form of rectangular projections 
formed on the surface of lithium niobate. On Fig.3 a it can be seen that dependences are qualitatively similar to 
those for aluminum, and are nonmonotonic. But in contrast to projections scattering from deep grooves 
(0.17<hr/Ȝ<1) does not have periodic behavior and with the depth’s growth SAW scattering into volume increases 
while reflection coefficient doesn’t reach more than 40% (Fig. 3 b). 
4. Conclusion 
The calculation of the 2D pattern of the scattered fields, e.g. on Fig.4, makes it possible to estimate the RS 
efficiency in the reflective delay line and clearly shows the range of the parameters in which an intensive SAW-
energy radiation into the bulk occurs. The obtained data on the SAW reflection and scattering can be used in 
developing RSs of various configurations, e.g., in designing SAW-based RF identification tags for the ISM band 
(2400–2483 MHz) and new 5650-6425 MHz band, as it was considered by Gulyaev et al. [5]. Another possible 
application is investigation of surface phononic crystals, as it was considered by Nikitov et al. [6] or 
Pennec et al. [7]. 
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Fig. 3. Coefficients of reflection Cr (solid line), transmission Ct (long dashed line) and scattering Cb (short dashed line) for (a) system of 
rectangular projections as functions of the normalized height hr/Ȝ; (b) sequence of grooves. 
 
Fig. 4. Distributions of elastic deformations in the reflecting structure in the form of (a) aluminum electrodes with the height hr/Ȝ = 0.3 that 
correspond to the maximum of scattering into bulk; (b) periodic sequence of grooves with the depth hr/Ȝ = 0.74. White color corresponds to zero 
deformations, and the black area corresponds to the maximum deformations. 
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